Introduction
Chemokines have been shown to control the migratory behavior of several cell types, including lymphocytes. Helper T-lymphocytes (Th1), cellular mediators of adaptive immune ���������, ������� ����������-γ �IFN-γ) that can stimulate macrophages, epithelial cells and tissue parenchymal cells to express CXC chemokines, such as monokine induced by IFN-γ (MIG), IFN-inducible protein of 10 kDa (IP-10) and IFN-inducible T-cell alpha chemoattractant (I-TAC) (1) (2) (3) (4) (5) . It has also been shown that Th1 cells preferentially express CXC chemokine receptor 3 (CXCR3), which binds IP-10, I-TAC and MIG with high affinity, and the binding of CXCR3 ligands to the receptor produces cellular signals important for chemotaxis and the activation of T-cells (6, 7) , suggesting that the expression of IP-10, MIG and I-TAC is important in T-lymphocyte recruitment and host defense following various infections.
Immune responses that contribute to host defense are also ������� �� ������g ������ ��j��� ��� ������� ����� �������g���� ����������. T���� �� ���������g �v������ �� �������� ���� �����g the development of type 1 diabetes, autoreactive T-cells transverse the endothelium and matrix barriers to infiltrate pancreatic islets and these autoreactive T-cells target a number of islet cell autoantigens, including insulin (8) , glutamic acid decarboxylase (9) and protein tyrosine phosphatase (10) . The infiltration of immune cells in islets, termed insulitis, increases ���g�����v��� ���� �� ��g��� ��� ����� �� β-���� �����������, insulin deficiency and clinical type 1 diabetes (11) . It has been �������� ���� ��������� ������� ��� ����������z�� �� ��� �������� �� β-cells, elevated levels of chemokines, such as IP-10, and the infiltration of lymphocytes expressing CXCR3 (12) , which may suggest that IFN-γ-inducible chemokines may play crucial ����� �� ��� ���������� �� ���������.
Sulforaphane (1-isothiocyanato-4-methylsulfinylbutane, �FN� �� � ������� �������������� ����� ���������� �� ����������� vegetables and has been shown to possess anti-inflammatory and immune modulatory activities (13, 14) . For instance, SFN has been shown to suppress the bacterial lipopolysaccharide-mediated expression of inducible nitric oxide synthase, cyclooxygenase 2, interleukin-1 and tumor necrosis factor-α �TNF-α� �� RAW 264.7 and peritoneal macrophages (13, 15, 16) . It has also been reported ���� �FN �������� TNF-α-������� ������� ������-κB (NF-κB) activation, which leads to the reduced expression of NF-κB-regulated gene products, such as matrix metalloproteinase-9 (17), further supporting its anti-inflammatory activity. As MIG, IP-10 and I-TAC play an important role in T-cell recruitment for the initiation of adaptive immunity, therapies aiming at reducing the levels of these chemokines are of great interest.
In this study, we primarily investigated the effects of IFN-γ on the expression levels of MIG, IP-10 and I-TAC in INS-1 �����, � ��� ���������� β-cell line, and secondly determined whether SFN modulates the IFN-γ-induced expression of MIG, IP-10 and I-TAC in INS-1 cells. To the best of our knowledge, we report for the first time, the ability of SFN to strongly inhibit ��� IFN-γ-induced mRNA expression of MIG, IP-10 and I-TAC in INS-1 cells through the modulation of the expression and/or ��������������� ��v��� �� ���������� ��g������� ������ �IRF�-1, ��g��� ���������� ��� ����v���� �� �������������-1 ��TAT-1� ��� protein kinase B (PKB).
Materials and methods

Materials.
Recombinant rat IFN-γ was obtained from R&D Systems (Minneapolis, MN, USA). JAK inhibitor I (a pan-JAK inhibitor) and LY294002 (a PI3K/PKB inhibitor) were obtained from Calbiochem (Billerica, MA, USA) and Biomol (Plymouth Meeting, PA, USA), respectively. Anti-p-STAT-1 (#9171), anti-STAT-1 (#9175), anti-p-PKB (#9271) and anti-PKB (#9272) antibodies were purchased from Cell Signaling Technology (Boston, MA, USA). β-����� �������� (A5441) was purchased from Sigma (St. Louis, MO, USA). PCR primers were purchased from Bioneer (Daejeon, Korea). RPMI-1640 was purchased from Gibco-BRL (Carlsbad, CA, USA). Other chemicals, including SFN, were obtained from Sigma.
Cell culture. The INS-1 cells, an immortalized rat pancreatic β-cell line (Korean Cell Line Bank, Seoul, Korea), were cultured in RPMI-1640 medium containing 11.2 mM glucose, 2 mM l-glutamine, 10% heat-inactivated fetal bovine serum, 1 mM pyruvate, 10 mM HEPES, 50 µM 2-mercaptoethanol and 100 µg/ml streptomycin. . The PCR amplification was carried out using the following cycling conditions: 94˚C for 3 min followed by 17-25 cycles of 94˚C for 45 sec, 58˚C for 45 sec, 72˚C for 45 sec, and a final extension at 72˚C for 5 min. The amplified products were separated by electrophoresis on a 1.5% agarose gel and �������� ����� UV ��g��.
Preparation of whole cell lysates. T�� IN�-1 ����� w��� w����� with cold phosphate-buffered saline (PBS) and lysed in a modified RIPA buffer (50 mM Tris-HCl pH 7.4, 1% NP-40, 0.25% Na-deoxycholate, 150 mM NaCl, 1 mM Na 3 VO 4 ��� 1 mM NaF) containing protease inhibitors (100 µM phenylmethylsulfonyl fluoride, 10 µg/ml leupeptin, 10 µg/ml pepstatin and 2 mM EDTA) on ice for 15 min. The cell lysates were collected and centrifuged at 10,000 x g at 4˚C for 10 min. The ����������� w�� ��v�� ��� ������� �������������� w��� �����-mined using Bradford reagent (Bio-Rad, Hercules, CA, USA).
Western blot analysis. Proteins (50 µg) were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE; 10%) and transferred onto Immobilon-P membranes. The membranes were washed with TBS (10 mM Tris, 150 mM NaCl) supplemented with 0.05% (v/v) Tween-20 (TBST) followed by blocking with TBST containing 5% (w/v) non-fat dried milk. The membranes were incubated �v����g�� w��� ���������� �������� ��� �-�TAT-1 �1:1,000�, STAT-1 (1:1,000), p-PKB (1:2,000) or PKB (1:1,000) at 4˚C. The membranes were then exposed to secondary antibodies [anti-rabbit IgG (sc-2004) and anti-mouse IgG (sc-2005); purchased from Santa Cruz Biotechnology, Delaware, CA, USA] coupled to horseradish peroxidase for 2 h at room temperature. β-����� ���������, 1:10,000� w�� ���� �� �� �������� �������. T�� membranes were washed 3 times with TBST at room temperature. Immunoreactivities were detected by ECL reagents. 
Results
Dose-and time-dependent increase in the mRNA levels of the T-cell-specific chemokines, MIG, IP-10 and I-TAC, in INS-
Role of JAK/STAT-1 and PI3K/PKB in the IFN-γ-induced expressions of MIG, IP-10 and I-TAC in the INS
Discussion
Evidence suggests elevated levels of CXC chemokines in �������g���� ���������� �� ��� ��������, ��������g ���������� infection (21) or autoimmune insulitis (22) . The increased expression of IP-10 and the infiltration of lymphocytes expressing CXCR3 has been observed in all pancreatic lesions of patients with type 1 diabetes, compared with no or low expression of IP-10 and CXCR3 in the pancreas of non-diabetic control subjects (12) . The enhanced expression of chemokines within pancreatic islets is likely to contribute to islet inflammation by controlling the recruitment and the activation of macrophages, neutrophils and Th1. Thus, any compound that can inhibit the excessive expression of chemokines in pancre-���� β-cells may have preventive and/�� ����������� ��������� against islet inflammation and related diseases.
IFN-γ is a pro-inflammatory cytokine and mediates inflammatory and immune responses. Reportedly, type I and II �����������, ��������g IFN-γ, ��� ���� ���������� w��� ����� inflammation and β-cell death and dysfunction (23) (24) (25) . At �������, ��� IFN-γ-mediated induction of chemokine expres-���� �� ���������� β-cells is not well known. In this study, we demonstrated that treatment with IFN-γ largely stimulated the mRNA expression levels of MIG, IP-10 and I-TAC in INS-1 cells at the concentration of 10 ng/ml (Fig. 1) . IFN-γ ����v��� �� mediated through its cognate receptors, IFN-γR1 ��� IFN-γR2, which further trigger the activation of the JAK-STAT signaling ����w�� �26�. U��� IFN-γ ������g �� ��� IFN-γR1 ��� IFN-γR2, JAK1 and JAK2 associated with the receptors are ����v����, ������g �� �TAT-1 ��������������� ��� �������� 701� and activation. Active STAT-1 then undergoes dimerization and the dimeric complex translocates to the nucleus where it regulates gene expression by binding to γ-����v���� ��q����� elements in the promoters of IFN-γ-��g������ g����, ��������g chemokines (18, 27, 28) . These results point out the critical role of JAK-STAT-1 activity in the transcriptional upregulation of chemokines in response to IFN-γ exposure. In addition to JAK-STAT activity, the PI3K/PKB signaling pathway has been reported to be important for IP-10 gene expression (19) . I� ��� ������� �����, IFN-γ treatment largely increased the phosphorylation levels of STAT-1 and PKB in the INS-1 cells (Fig. 3A, lane 2) , but the blockage of JAK/STAT-1 activity by JAK inhibitor I or PI3K/PKB activity by LY294002 strongly or weakly abrogated the ability of IFN-γ to induce the mRNA expression of MIG, IP-10 and I-TAC in INS-1 cells (Fig. 4,  lanes 3 or 4) . These results suggest that the activation of the JAK/STAT-1 and PI3K/PKB signaling proteins is critical for ��� IFN-γ-induced expression of MIG, IP-10 and I-TAC in IN�-1 �����.
�FN �� �� �������������� ��������� ���������� ����� �� ����������� v�g�������, ���� �� �������� ��� ������� �������, ��� has been shown to possess anti-inflammatory, anti-cancerous, and immunomodulatory effects (13, 14, 29, 30) . Previously, the SFN-mediated regulation of chemokines, such as CCL17 and CCL22, through heme oxygenase-1 and NF-κB in human keratinocytes has been reported (31) . At present, neither the inhibitory effect, nor the mechanisms of action of SFN as regards the expression of T-cell chemokines induced by IFN-γ �� ���������� β-cells are known. In this study, we demonstrated that SFN at the 25 µM concentration strongly inhibited not only ��� IFN-γ-induced expression of MIG, IP-10 and I-TAC (Fig. 2) , ��� ���� ��� IFN-γ-������� ����v����� ����������������� of STAT-1 and PKB signaling proteins (Fig. 3A, lane 5 T�� ����v����� �� �TAT-1 ������� �� IFN-γ ����� �� ��� transcriptional induction of a number of genes, including IRF-1, � ������������� ������ ��v��v�� �� ��� ������������� of many antiviral and anti-apoptotic genes (32) . There is of �������� ������ �v������ ��gg�����g ���� ��� ��������������� upregulation of MIG, IP-10 and I-TAC genes occurs through an �TAT-1/IRF-1-dependent mechanism (20) . The present study ��v����� ���� IFN-γ treatment largely upregulated the transcript levels of IRF-1 and IRF-2, while SFN treatment, particularly at 25 µM strongly suppressed the IFN-γ-induced mRNA expression of IRF-1, but not that of IRF-2 in the INS-1 cells (Fig. 3B) . In conclusion, the findings of our study collectively demon-������ ��� ������� �� �FN �� �����g�� ������� ��� IFN-γ-������� expression of MIG, IP-10 and I-TAC in INS-1 cells through the reduced expression and phosphorylation levels of IRF-1, STAT-1 and PKB. Although there are still important issues that remain to be resolved, including the suppressive effects of SFN on the expression of chemokines in animal models of islet inflammation, the present findings suggest that SFN may be a promising natural product for use against pancreatic islet inflammation in which the overexpression of T-cell chemokines is problematic.
